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reduction of paint losses and the reduc- 
tion In otner costs. Including the cost 
of labour of coating, but at the same 
time electrostatic spray coating systems 
have certain limitations In usage which 
have restricted their wider adoption* 
One such limitation Is due to the fact 
that proper electrostatic atomlzatlon 
and efficient deposition of spray coat- 
ings requires the employment of an elec- 
trostatic field established by relatively 
high effective voltages, for example of 
the order of one hundred thousand volts. 
Voltages of this order have many 
unexpected characteristics, and present 
especial difficulties relative to safety 
both as to rire and as to shock hazard 
to personnel. 

As many of the spray coating materials 
employed are Inflammable, and In some 
cases highly so. It has at all times been 
necessary to provide a mlnl^nuin spacing 
between the electrodes and the articles 
In order to avoid the risk: of sparks or 
arcs of sufficient Intensity to Initiate 
a fire or explosion. These considera- 
tions have dictated tl\e necessity of 
confining the* use of the various systems 
now employed In commercial practice to 
Installations wherein the distance 
between the charging electrode and the 
articles to be coated Is maintained 
within predictable limits. For example, 
It Is very convenient In a commercial 
Installation to have the articles suit- 
ably mounted on a travelling conveyor 
so that they are successively moved to 
pass the location where one or more 
atomizers are provided, and In such a 
case the charging electrode Is stationed 
In fixed relation to the path of move- 
ment of the articles. In this way the 
necessary distance, and In particular the 
minimum spacing between the electrodes 
and the articles, can be controlled with 
sufficient accuracy to ensure the avoid- 
ance of disruptive discharges, such as 
might cause a fire or explosion. Suffi- 
ciently more than the minimum sparking 
distance must be allowed to provide for 
possible but fortuitous variations In 
the spacing; for example In Installations 
where mechanical atomlzatlon Is employed 
and a separate charging electrode Is 
provided. It has been the practice to 
space the charging electrode from the 
article a distance which Is twice the 
sparking distance. Maintaining this dis- 
tance results, of course. In a decrease 
In efficiency of the operation, as the 
average potential gradient is necessarily 
equally reduced. This allowance of addi- 
tional spacing for safety purposes, how- 
ever, has been dictated by the practical 
necessities which result In variations In 



electrode-article spacing during normal 
operation of a system of this nature. 
For instance, many objects carried on 
conveyors of the type referred to are 
subject to some movement due to swaying, 70 
or may lie in a different plane due to 
a bent hanger, which causes the arti- 
cles to move to and from the charging 
electrodes. In other instances, arti- 
cles of irregular shape may be rotated 75 
while being sprayed, and due to their 
irregular shape and the rotation, the 
effective electrode-article spacing 
will change during the spray coating 
operation. qq 

The need to provide a system which 
is free from danger of discharge suffi- 
cient to cause ignition of the paint 
solvent Is not the only requirement 
ensuing from the use of high voltage, 85 
and It Is very desirable to arrange 
that shock to personnel should be 
avoided. For example, the paint solvent 
may be non-inflammable, but In such a 
case It would still be highly desirable 90 
to provide means to ensure that the 
human operator could not approach the 
charging electrode sufficiently closely 
to receive a shock from the points at 
high voltage; thus, even in an instal- 95 
lation in which the fire or explosion 
risk Is low it is still necessary to 
make use of a high degree of 
mechanisation. 

In general, therefore, in an elec- lOO 
trostatlc spray painting equipment for 
commercial use it has always been the 
practice to make use of apparatus, such 
as conveyors to ensure mlnlmiim elec- 
trode to article spacing and to prevent 105 
or obviate the need for an operator to 
approach closely to the high voltage 
parts. In turn, this has meant that 
electrostatic spray painting has found 
Its widest application In the finishes 110 
of comparatively large numbers of simi- 
lar articles. 

This consideration is In some con- 
trast with the conventional air 
operated hand held spray gun. The air 115 
gun is inefficient in terms of paint 
utilisation as much of the paint con- 
sumed by the gun falls to reach the 
article to be painted, but it has the 
advantage that the operator has almost 120 
complete freedom of movement in direct- 
ing the paint spray onto the article. 
So far as we are aware, however, it 
has never been possible to realise in a 
commercial installation the advantages 125 
of electrostatic spray painting in an 
equipment In which the operator had the 
facility of movement afforded by the 
air gun. The reasons will be apparent 
from the foregoing: firstly, with a hand 130 
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Held electrostatic gun there would t>e 
no limitations on the mmimum distance 
that might exist between the charged or 
high potential parts of the gun and the 
5 article, and this spacing would be 
liable to fortuitous variation Into 
that range of separation which might 
result in undesired discharge and 
secondly, with the hand held gun in 
10 which parts of the gun would be at 
dangerously high voltage la use. the 
risk of shock to the operator would be 
very great. The term "gun" Is used 
somewhat loosely in the electrostatic 
15 painting art; for the purpose of the 
present Invention it can be taken, in 
Its broadest sense, as comprising that 
part of the apparatus to which the 
paint is fed and from which it emerges 
20 in atomised form; the atomised paint 
may or may not be projected from the 
gun, and the gun may or may not be suit- 
able or primarily Intended for use in 
the hand. 

25 The present Invention is concerned 
with the provision of means, in an 
electrostatic spray, painting apparatus, 
whereby any tendency of the system to 
cause a discharge can be controlled. 
30 The invention can be used with advan- 
tage in any system in which the 
electrode-article spacing is liable to 
fortuitous variation, as described 
above, with the object of reducing the 
35 danger of ignition of the solvent; the 
invention can also be applied to a 
system where the avoidance of human 
shock is of prime importance, and it 
cnn be used- in applications where both 
40 advantages are desired. The invention 
thus makes possible a system which 
permits the use of a fully safe, hand- 
operated electrostatic spray gun. 
The invention is based upon two 
45 facts that we have ascertained and veri- 
fied that the propensity of any electro- 
* static spray painting apparatus to give 
rise to a discharge that is objection- 
able in either of the respects men- 
50 tioned above can be controlled by adop- 
tion of two features in the system. 

The first feature concerns the elec- 
trical circuit which extends from the 
charging electrode to the article, 
55 Including the source of high voltage, 
and consists in so arranging this cir- 
cuit that It is responsive to changes 
in the length of the air gap, whereby 
the voltage of the charging electrode 
60 is substantially reduced as the air gap 
between the electrode and the article 
decreases. This result can be secured 
by giving the circuit an appropriately 
high effective Impedance. 
65 The provision of a suitable circuit 



Impedance In this manner assists in 
different ways in reducing the ten- 
dency to or effects of discharge in 
the system. For example, if the value 
of the impedance is sufficiently high 
in relation to the potential employed 
and the air gap commonly present, the 
effect of variations In the air gap. 
which would normally have a direct and 
major influence on the potential 
gradient, will be substantially 
reduced, that is changes in potential 
gradient resulting from changes in 
spacing are reduced. Again, the imped- 
ance has an effect on capacity as will 
be apparent hereinafter. In embodi- 
ments of the invention described here- 
inafter the impedance takes the form 
of a resistance. 

The second feature with which the 
Invention is concerned relates to the 
effective capacity presented at the 
air gap of a charging electrode or 
electrode system. As used in the pre- 
sent specification including the 
claims, the "effective capacity" of 
an electrode system is not the same as 
the conventional electrical capacitance 
of the system, that is, it is not a 
measure of the ability of the system 
to store electrical energy, but rather 
It is a measure of the propensity or 
ability of a discharge from the system 
to shock personnel or ignite Inflam- 
mable vapours. For the purpose of the 
present Invention it is arranged that 
the charging electrode or electrode 
system has a low effective capacity; 
when we state herein that an electrode 
system has a low "effective capacity" 
we mean that the electrode system has 
such low true capacitance, or such 
combination of true capacitance and 
poor conductivity of the material of 
which it is formed, and shape (parti- 
cularly as to "sharpness" or "blunt- 
ness" of its configuration), that, in 
an electrostatic coating system of 
the character with which we are here 
concerned, the energy contributed to 
a disruptive discharge between such 
electrode system and an opposed "blunt' 
electrode by the electricity stored in 
the electrode system is insufficient 
to render such discharge objectionable. 
We have found that if some portion of 
the charging electrode or of the 
system between the charging electrode 
and the Impedance or resistance pre- 
viously referred to Is of highly con- 
ductive material, such as metallic 
wire or the like, such can be 
tolerated, provided that it Is of 
such limited area that It has no sub- 
stantial capacitance. In other words. 
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if highly conductive materials are to be 
used adjacent the air gap, their actual 
capacitance must be so low as to be 
within tolerable limits. If, on the 
5 other hand, their capacitance is greater 
than the tolerable amount, they must be 
of such low conductivity that the energy 
thereof cannot be discharged in such a 
manner as to produce an objectionable 

10 disruptive discharge. 

It will be appreciated from the fore- 
going that a discharge can be objection- 
able in that it is liable to ignite an 
inflammable paint solvent, or altema- 

15 tlvely to give a human being a shock 
which Is painful or worse, depending 
upon circumstances It may be required 
that an electrostatic spray painting 
apparatus should be unobjectionable In 

20 either or both of these respects. Also 
depending upon circumstances a discharge 
can be objectionable In either one of 
these respects and not the other. 

Broadly, therefore, the present inven- 

25 tion consists of an apparatus for elec- 
trostatically spray painting an article, 
said article being substantially at 
earth potential, comprising a gun, 
capable of use in circumstances where 

30 the air gap between the gm and the 

article or earth Is liable to fortuitous 
variation, said gm including a charging 
electrode, and means for establishing an 
electrical circuit Including the earthed 

35 article, a undirect lonal high potential 
source and said charging electrode, said 
gun being adapted in use to atomise 
paint and introduce said atomised paint 
into the field between the charging elec- 

40 trode and the article, wherein (a) the 
electrical circuit including said source 
is so responsive to changes in the 
length of said air gap as to reduce the 
voltage of said charging electrode suffi- 

45 ciently as the air gap between the gun 
and the article or other earthed object 
decreases, and (b) the charging electrode 
and any other parts of the gun which are 
at high potential in use and are manually 

50 or otherwise externally accessible have 
an effective capacity that is suffi- 
ciently low, to ensure that any discharge 
of electricity therefrom which will 
create fire hazard is avoided. 

55 The invention also Includes apparatus 
for electrostatically spray painting an 
earthed article, said article being sub- 
stantially at earth potential, comprising 
a gun capable of use in the hand or In 

60 circumstances where a human operator has 
access to the gun, said gun including a 
charging electrode, and means for 
establishing an electrical circuit 
including the earthed article, a un- 

65 directional high potential source and 



said charging electrode, said gun being 
adapted to atomise paint and introduce 
said atomised paint into the field 
between the charging electrode and the 
article, the charging electrode and any 
other parts of the gun that are at high 
potential and are manually accessible 
in use having an effective capacity 
that is low and the electrical circuit 
including said source being so respon- 
sive to changes In the length of the 
air gap between the charging electrode 
and the article or operator as to 
reduce the potential of such part or 
parts sufficiently in relation- to 
their effective capacity as the air 
gap decreases, to ensure that object- 
ionable shock is substantially 
eliminated. 

The invention also Includes a 
method for electrostatically spray 
painting an earthed article, which 
comprises establishing an electro- 
static field between a charging elec- 
trode and the article by means of a 
voltage source, the air gap between che 
charging electrode and the article or 
earth being susceptible to fortuitous 
variation into a range where object- 
ionable discharge is liable to occur, 
which comprises supplying paint to an 
atomizer and Introducing atomized 
paint into the field and including 
controlling automatically the poten- 
tial across said air gap in accordance 
with variations of the length of the 
air gap, in such a manner that with a 
decreasing length of air gap the 
potential falls at a rate not less 
rapidly than that due to the inclusion 
in the circuit to said charging elec- 
trode of a resistance of two or more 
megohms per kllovolt of the source, 
whilst maintaining the effective capa- 
city of the charging electrode not 
greater than that which would be pro- 
vided by a metal sphere of a radius of 
3 cms. 

The invention further includes an 
apparatus for electrostatically paint- 
ing an earthed article, comprising a 
charging electrode and capable of use 
in circumstances where the air gap 
between the charging electrode and the 
article or earth Is liable to fortui- 
tous variation, means connecting the 
article In an electrical circuit 
extending from a unidirectional high 
potential source to said charging 
electrode, means for atomising paint 
and introducing said atomised paint 
into said field, wherein said elec- 
trical circuit is so responsive to 
changes in the length of said air gap 
as to reduce the voltage of said 
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(charging electrode sufficiently as the 
air gap between the charging electrode 

fand the article or other earthed object 
decreases and the charging electrode 
I' 5 and any other parts which are at high 

I potential in use and are manually or 

# otherwise externally accessible have an 

1 effective capacity that Is sufficiently 

J low to ensure that any discharge of 

10 electricity therefrom is unobjection- 
able, either as to shock: or fire hazard 
or both. 

The Invention also comprises other 
features which will become apparent 
16 hereinafter. 

As previously mentioned, atomising 
devices embodying features of the pre- 
sent Invention can be constructed In a 
manner which will maintain within a 
20 predetermined range the potential 

gradient between an electrostatic atom- 
ising head and an article, regardless 
of changes In the space therebetween, 
and wherein dangerous and objectionable 
25 discharges may be prevented, even where 
the high potential electrode Is acci- 
dentally brought in to contact with the 
operator or with the article being 
coated. By reason of the foregoing, it 
30 Is possible to produce a hand-held or 
manually manlpulatable electrostatic 
atomizing device which is capable of 
the high efficiency performance of the 
electrostatic atomizing devices pre- 
35 vlously mentioned, yet may be used with 
perfect safety as a hand-held atonlzer, 
and to Improve materially systems 
utilizing a fixedly mounted atomizer, 
other features and advantages of 
40 this Invention will be apparent from 
the following description and the 
accompanying drawings, in which: 

Figure 1 is a perspective view of a 
system in accordance with the invention 
45 for electrostatically atomizing and 
depositing paint on the articles to be 
coated; 

Figure 2 is a longitudinal view of. 
the atomizing device shown in Figure 1; 
50 Figure 3 is a fragmentary view, 
partly in section, showing in more 
detail the means for rotating the head 
of the atomizing device and for supply- 
ing liquid coating, material thereto for 
55 atomlzation; 

Figure 4 is a chart graphically 
Illustrating, by appropriate curves, 
certain voltage and distance relation- 
ships; 

60 Figure 5 is a longitudinal sec- 
tional view of another form of atomizing 
device adapted to be held in the hand 
and used in a system of the general 
character shown in Figure 1, and also 
66 having a rotating atomizing membT. 



Figure 6 is an elevatlonal view of 
another system embodying our Invention, 
atomlzaclcn in this case being by a 
CCTiventlonal air gun; and 

Figure 7 is a partial elevatlonal 70 
view at right angles to that of 
Figure 6 and along the line 7-7 
thereof. 

Referring now to the particular 
embodiment of the invention illus- 75 
trated in Figures 1 to 3, it will be 
seen that articles 10 are moved in 
succession through a coating zone, 
the articles being here illustrated as 
garnish mouldings for the window open- so 
ings Of motor car bodies, an article 
difficult to paint effectively with 
conventional systems utilizing hand- 
held air spray guns. The articles are 
here shown as being moved alcng to 85 
the right of the drawing as illus- 
trated, by hangers 11 in turn con- 
nected to a chain (not shown) on a 
conveyor track 12 of conventional 
overhead conveyor means, as illus- 90 
trated. This movement is without 
rotation and the articles are shown 
as being painted on one side only 
(except for such "wrap-around" as may 
occur due to the electrostatic ©5 
action), amd it will be understood 
that in practice another man would 
normally be stationed on the other 
side of the line at a second coating 
station to provide a coating of the loo 
desired film thickness on the other 
side of the articles. 

The atomizing device identified in 
general as 14 and to be more fully 
described in detail hereafter, includes 105 
a long body portion 15 with an outer 
housing of polyethylene or other non- 
conducting material with good high 
voltage insulating characteristics, 
and a rotating bell-llkie head 16 from 110 
the edge of which the liquid coating 
material is electrostatically atomized. 
The charged spray particles of paint 
or the like are then attracted to and 
deposited Upon the articles under the lis 
influence of electrostatic forces, the 
articles being earthed and the high 
potential high voltage terminal of the 
power supply unit 17 being connected 
to the atomizing edge in a manner here- 120 
inafter more fully described and 
Including a high resistance in the 
connection and close to the atomizing 
head 16. 

In the system Illustrated (and as 125 
may be best seen by also referring to 
Figure 3) a supply tank 18 supplies 
paint through a tube 19 to a pump 20, 
preferably of a positive displacement 
variable speed type driven by its own 130 
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motor. The output of the pump Is 
delivered through a paint supply con- 
duit 20a to the opening In a hollow 
shaft of an electric motor 22, this 
5 paint supply conduit continuing on up 
through a flexible conduit arrangement 
Indicated In general as 23 leading to 
the hand-held atomizing device, the 
paint eventually Issuing through a 
10 central opening In the hell-llka rotat- 
ing atomizer member 16 to be formed In 
a thin film on the Inner surface of this 
member and to have the spray particles 
atomized from such thin film at the edge 
15 of the rotating member, as more fully 
described In specification 710920« As 
is more fully described in that speci- 
fication the high potential electro- 
static field existing between the atom- 
20 Izlng edge and the articles draws the 
film edge into closely adjacent cusps 
with the spray particles or droplets 
Issuing from the ends of these cusps 
during atomlzatlon, 
25 Rotation of the atomizing head 16 Is 
effected during operat;lon by having the 
hollow shaft rotator motor 22 drive a 
hollow flexible metallic shaft 24 Sur- 
rounding a paint tube 21, the outer 
30 sheath of the conduit assembly being a 
conduit 25 of polyethylene or other 
material having a good high voltage 
Insulating property. High voltage, of 
at least 40,000 volts and preferably 
36 70,000 volts or more. Is supplied from 
the high voltage pack 17 (generally 
from the negative terminal thereof) 
through the lead 26 to the motor 22, the 
flexible metallic drive tube 24 conduct- 
40 Ing the high voltage to the atomizing 
device. The paint supply tank 18, the 
pump unit 20 comprising the pump and its 
motor, and the rotator motor 22, are all 
mounted on a support member 27 carried 
45 on legs 28 of ceramic or other rigid 

material of good high voltage Insulating 
characteristics; and the pump motor and 
rotator motor are supplied with drive 
current {as conventional 50 cycle 
50 230 volts AC) through isolating trans- 
formers with proper high voltage insu- 
lation so that the whole arrangement is 
maintained at high voltage with respect 
to earth. While not illustrated, these 
55 parts would normally all be enclosed in 
an insulating housing to protect against 
accidental contact of a person with any 
part at high voltage; and not cnly the 
input of the high voltage supply unit 
60 but also the Isolating transformer 
inputs would have conventional on-off 
switches therein, so that the operator 
can terminate coating operation at any 
time merely by moving to the "off* 
65 position a master switch, or individual 



switches provided in each input. 

Referring now more particularly to 
Figure 2, the atomizing device is shown 
in more detail. The rotating bell-lllte 
atonizing member 16 is of nylon, poly- 7o 
ethylene or similar material of good 
high voltage Insulating characteristics. 
It has an axial opening i6a, an adja- 
cent portion 166 which flares sharply 
outwaraly from the axial opening, and 75 
a rim portlcn 16c extending forwardly 
more nearly axlally with an inner sui^ 
face about 15° off the axis, this por- 
tion being tapered to a relatively 
sharp forward atomizing edge-l6d. The ao 
inner surface of the rotating member, 
from the axial opening clear to the 
atomizing edge, is covered with a 
coating l6e Of a material which has 
liigh chemical resistance to the ccn- 85 
stituents of the paint or other liquid 
coating material being used, high 
mechanical resistance to abrasion by 
the material flowing thereover, and 
predetermined high electrical resist- 90 
ance characteristics. An alkyd resin 
enamel-like coating material with 
finely divided carbon particles therein 
has proved very satisfactory for this 
resistive layer. gg 

For purposes of this invention it 
is sufficient that the material should 
have suitable chemical and mechanical 
resistance, and be of high electrical 
resistance while still permitting a 100 
flow of very small currents there- 
through. The resistance with which we 
are here concerned is what nay be 
termed a point-to-point resistance, 
in that the factor of importance is 105 
the resistance to current flow from a 
given point on the surface to another 
surface point, ,as at the atomizing 
edge. While the device illustrated 
achieves Its desired resistance cha- 110 
racteristlcs by using a body material 
for the bell which is substantially 
completely non-conducting (as nylon) 
and ^ surface coating which has some 
slight conductivity, it will be under- 116 
stood that the rotating member could 
be formed of a single homogeneous 
material provided it had the desired 
point-to-point resistance character- 
istics and suitable mechanical 120 
strength. With a rotating bell member 
about 4 inches in diameter, a suit- 
able size for a hand atomizing device, 
it has been found that the resistance 
from the apex (at the axial opening) 125 
to the rim or atomising edge (when 
the same is placed in contact with a 
metal plate entirely around the extent 
of the rim edge) should be at least 
of the order of 10 megohms, and 130 
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preferably of Che order of 100 megohms. 
In these circumstances the resistance 
per square (as for example a one centi- 
metre square) would be of the same 
5 order of magnitude as the above- 
mentioned apex-to-edge resistance, but 
It Is more convenient commercially to 
determine the resistance from the apex 
to the edge. It will also be understood 

10 that If rotating atomizing devices of 
larger diameter are used, It may be 
desirable inatei*lally to raise the 
resistance. 

The bell member 16 Is mounted on a 

15 rotating shaft assembly 29, as by rubber 
0-rlngs. This shaft assembly comprises 
a commercially available high value 
resistor consisting of a hollow ceramic 
tube 29a of about 12 Inches In length, 

20 with an outer coating 296 of suitable 
high resistance material. A coating on 
the right-hand tip* of the ceramic tube 
provides an electrical connection 
between the end of the resistance 

25 material 29& and the Inner or apex 

portion of the high resistance coating 
16e on the Inner surface of the bell 
member. The entire resistor Is held 
within a rigid carrier member 29c of 

30 synthetic resin or like material which 
rotates on bearing surfaces provided by 
an outer Insulating sheath 30, which In 
turn lies within outer housing member 
31 of polyethylene. 

35 The outer sheath member 25 of the 
flexible conduit assembly 23 extends 
Into the outer- housing member 31, as 
may be seen at the left of the drawing, 
the whole assembly being held In the 

40 hand atomizing device by the 

co-operatloi of the cap 32 with an 
enlarged portion 33 moulded In the 
sheath tube 25. The hollow flexible 
metallic shaft 24 within the tube 25 Is 

45 mechanically coupled, through a spllned 
assembly 34, to the rotating shaft 
assembly 29 carrying the bell member 16. 
Appropriate liquid seals In assembly 34 
ensure that all of the coating material 

50 flowing from the end of paint tube 21 
Is transferred Into hollow shaft 
assembly 29, Paint supplied through the 
tube 21 passes through the hollow shaft 
and spreads out on the Inside of the 

55 bell during rotation thereof to supply 
the atomizing edge with paint contl- 
auously at a rate determined by the 
operation of the positive displacement 
pump, a representative rate of supply 

60 being 100 ccs. per minute. 

The circuit connection from the high 
potential terminal of the power supply 
Is completed through the hollow flex- 
ible metal shaft {which is, however, 

65 sheathed from accidental contact by the 



outer polyethylene tube), and any 
current reaching the atomizing edge 
must pass through the resistance not 
only of the high resistance inner 
coating I6e on the bell, but also 70 
through the extended resistance layer 
296, this being here shown as of 
sufficient extent to prevent any pos- 
sibility of arcing around the outside 
thereof. It will be understood that 75 
suitable insulation can prevent the 
arcing regardless of the actual 
extent of the resistor. In parallel 
with these fixed high resistance 
values is a current path through the 80 
paint, from the point where it leaves 
the flexible metallic shaft end to the 
atomizing edge. While a highly conduc- 
tive paint In the embodiment here 
being described would thus tend to B5 
nullify the value of the high resist- 
ance means Just described, the resist- 
ance of the paint column in a 
passageway of the size Illustrated 
(which would nonnally be only g or 90 
16 of an Inch in diameter) is such 
that the resistance through the paint 
Is at least several hundred megohms 
and may be many thousands of megohms 
with the lacquers and synthetic 95 
enajnels normally used in commercial 
spray painting. Tlie total effective 
resistance to the atomizing etfge must 
be at least two megohms per kilovolt 
applied by the high voltage source; 100 ' 
with normal commercial operations It 
is preferable to have at least 300 
megohms and normally 1000 megohms 
resistance or more. Most commercially 
used coating materials provide a 105 
• shunt resistance considerably higher 
than this, so that if the fixed 
resistances are arranged to provide a 
resistance at or about this value, 
the total "working" or effective 110 
resistance will normally be approxi- 
mately the same value. Even If paint 
is completely non-conducting for all 
practical purposes, as Is frequently 
the case, the fixed resistances will 115 
provide the necessary voltage at the 
edge of the bell for atomizing and 
charging the spray particles. 

Again referring particularly to 
Figure 1, the operator carrying out 120 
the spraying with the hand atomizing 
device would normally follow roughly 
around the metal framework comprising 
the garnish moulding, and should 
normally try to keep the atomizing 125 
edge of the bell member 6 or 8 Inches 
away from the metal of the object, 
for example, if a 100,000 volt pack 
is being used. However, hand opera- 
tion or any operation wherein there 130 
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are appreciable changes In air gap 
distances between the charging electrode 
and an article, introduces dlfflciaty In 
an electrostatic coating system. 
P Variation In gap distance. If the voltage 
between the electrode and the article 
remains the same, obviously results In 
very considerable variation in the 
average potential gradient. Thus, If the 

10 bell and shaft were both of metal and 
connected to the 100,000 volt power pack, 
the average potential gradient at a 
12 Inch spacing would be only about 
8000 volts per Inch, whereas- the average 

15 potential gradient at a 5 inch gap 

spacing would be 20,000 volts per inch. 
An electrostatic coating system of the 
kind Just described, with atomizatlon 
being effected electrostatically, 

20 achieves very high paint deposition 
efficiencies and. is highly desirable 
commercially. 

It will be seen that If there Is 
included in the circuit resistance of the 

25 value mentioned above, such wide varla- 
•tions potential gradient will be reduced, 
and the resulting potential gradient will 
be within a satisfactory range, and very 
high potential gradients conductive to 

30 sparking are reduced. 

However, it has now been found that 
there are optimum values of the average 
potential gradient, and that these do not 
remain the same regardless of spacing but 

35 vary in accordance with the gap distance. 
A gradient at the film edge which is too 
low does not atomize particles of the 
desired fineness for a quality coating; 
but improvement in atomizatlon increases 

TO with the gradient only up to a certain 
point, and thereafter deteriorates rather 
than further Improving. 

We believe too high a voltage has 
certain field effects on the cusps 

45 causing at least some of them to merge 
and give undesirably large particles, and 
in any event to flail or whip around In 
a manner which also results In much 
poorer uniformity In the size of the 

50 spray particles. Whatever the full 
explanations may be, however, we have 
found that there is an optimum Average 
potential gradient for electrostatic 
atomizatlon, and that this does not 

55 remain constant with changes in gap 

spacing* For example, with a 4 inch metal 
bell rotating at about 1000 rpm and 
supplied with 100 cc per minute of a 
synthetic enamel, the optimum average 

60 potential gradient for electrostatic 
atomizatlon at 12 Inches is about 7,500 
volts per inch; at 9 Inches Is about 
9,000 volts per Inch; at 6 Inches Is 
about 11,700 volts per inch; and at 

66 3 inches is about 17,000 volts per inch. 



We have found, as may be best seen from 
reference to Figure 4, suitable selection 
of the control resistance keeps the 
voltage at the atomizing edge of the bell 
In Qlose conformity with the optimum 70 
atomizing voltage throughout wide varia- 
tions in gap distance, as from 3 Inches 
to 12 .inches. This results In maintaining 
the quality of the finish on the article 
being sprayed through appreciable varla- 75 
tlons in gap distance, in a manner hereto- 
fore impossible. 

Referring now more particularly to 
Figure 4, curves are shown illustrative 
of various conditions in electrostatic 80 
coating systems, both with and without 
the utilization. of the present invention. 
The curve identified as 58 Illustrates 
the gap break-down at various target 
spaclngs, where the target is an earthed 85 
article of flat sheet metal, and the 
atomizing bell has a 4 inch diameter 
atomizing edge with a radius of only 
about .005 Inches, and connected to the 
negative terminal of a power supply unit 90 
having Its positive terminal earthed. 
It will be seen that the gap breaks down 
at about 2 inches with 60 kilovolts, and 
at 3 inches with 90 kilovolts. The 
curve Identified as S9a illustrates the 95 
voltage. existing between the bell edge 
and the target at various spaclngs with 
atomizers and power supply units of the 
conventional type wherein the only 
appreciable resistance is a 10 megohm 100 
limiting resistor built Into the power 
pack. With 90 kilovolts applied to the 
bell edge at a 12 inch spacing from the 
target, the curve remains substantially 
flat as the spacing Is reduced, with a 105 
very slight drop in voltage in the last 
inch or two before the break-dowi 
distance Is reached, this being at about 
2a Inches and there still being almost 
80 kilovolts at the bell edge. 110 

The optimum atomizing voltage for a 
4 inch bell as described above, being 
rotated at 900 rpm and supplied with 
100 cc per minute of a conventional 
commercial synthetic enamel. Is indl- 115 
cated by the dotted line curve Identi- 
fied as 596. In order to obtain optimum 
atomizatlon In an electrostatic system 
of the kind heretofore described the 
voltage existing across the gap between 120 
the atomizing edge and the target should 
follow this curve 59b as closely as 
possible. It will be apparent that the 
curve 59a of the conventional system 
is at the optimum atomizing voltage 125 
only at the 12 inch spacing and that 
material reductions in this spacing 
result in voltages greatly in excess of 
the optimum with attendant deterioration 
of the desired quality of atomizatlon. 130 
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However, If the control resistance 
usftd m conjunction with a 100 kllovolt 
nacfc is 1500 rneROlim:^ Che resultant curve 
(Identified as BOc) will be seen to follow 
5 the optimum acomizatlon curve F.9b in a 
very satisfactory m.tnncr. That is, the 
-urve 59c Is never more than a very few 
per cent away from the optimum atomlza- 
tlon voltage curve 506 at any point, and 
lO intersects the gap break-<lown line 58 

v^Qi the spacing is less than 1 Inch and when 
the voltage between the atomising edge 
and the target has dropped below 30,000 
volts. However, the curve is such that It 
15 not only closely follows the optimum 
atomization curve 596 but also provides 
In excess of 40,000 volts across the gap 
at all gap spaclngs of 2 Inches or more, 
so that satisfactory atomization and 
20 deposition take place at spacing from 
12 inches down to as little as 2 Inches. 
On the other hand, if the resistance is 
of too high value, as for example, 
50,000 megohms with a 100 kllovolt supply 
25 unit, the resultant curve (identified as 
59ci) will be seen to be so low at normal 
working spaclngs Illustrated on the chart 
that satisfactory atomization and deposi- 
tion are not obtained. 
30 In order to achieve the desired auto- 
matic maintenance of the air gap voltage 
drop at or near the optimum atomization 
voltage In an electrostatic coating 
system of the character described and 
35 with present commercial power supply 

units of 100 kllovolts, the control impe- 
dance should be chosen to absorb only a 
small percentage (such as about 10%) of 
the applied voltage at the greatest gap 
40 space which is expected to be encountered 
m normal operation, but to absorb at 
least as much voltage as the air gap 
resistance at the lesser air gap spaclngs 
which may be encountered in operation, 
45 A^m referring to the curve identified 
as 5&C m Figure 4, it will be seen that 
the drop across the control resistance is 
about 15 kllovolts at the 12 inch spacing, 
but is approximately the same as the drop 
50 across the air gap when this spacing has 
been reduced to 2^ or 3 Inches. It. will 
be understood that this will be true with 
a relatively sharp edged device of the 
character described since the space 
55 current Increases very materially as the 
gap spacing Is reduced and thus enables 
the control resistance to absorb the 
desired amount of voltage drop there- 
across even through the air gap resistance 
60 decreases to an effective resistance of 
the same order as that of the control 
resistance. Moreover, it will be apparent 
from the chart that when the atomizing 
edge approaches as close as 1 Inch to the 
65 target or article surface, in the 



neighborhood of 70% of the voltage drop 
exists across the control resistance with 
only the relatively small remainder 
existing at the air gap. 

An electrostatic spray painting 
system in which the series resistance Is 
selected to give optimum atomization in 
this way forms the subject of our co- 
pending application No. 30969/60. 
{Serial No. 865,766) 

While higher source voltages auid 
higher control Impedance values are 
preferable within certain limitations 
the cost of a power supply unit increases 
much faster than the increase in poten- 
tial available from it, so that It Is at 
present commercially desirable to limit 
the maximum voltage to be used to about 
150 kllovolts. under these conditions 
the resistance should be limited to the 
order of 15,000 megohms as a maximum In 
order to retain desirable atomization 
voltage variations and satisfactory 
deposition. It is to be understood, how- 
ever, that where expense Is not an 
important factor, power supply imlts can 
be built even today which provide 
voltages about double those mentioned 
above as being commercially desirable; 
and that Improvements In power supply 
technology may well result in the ability 
to build even higher voltage units for 
general commercial use. However, our 
experiments have indicated that while 
the control impedance should be at 
least two megohms per kllovolt, and 
preferably of the order of 10 megohms 
per kllovolt or slightly more, It is 
undesirable to utilize more than about 
100 megohms per kllovolt; and this 
relationship obtains throughout all 
voltage ranges which we believe likely 
to be used for electrostatic spray 
coating. 

An important factor in the utili- 
zation of high voltages for electro- 
static spray coating is the matter of 
safety, from the standpoint of Ignition 
of the combustible mixture which 
exists when paint solvents volatilize 
in air. Certain solvents provide a more 
combustible mixture than others, one 
of the very commonly used paint solvents, 
xylene, providing. a relatively Ignltable 
mixture as It volatilizes Into the air 
during spray painting. 

with the present invention It is 
possible so to select the effective 
capacity which is presented at the 
exposed and accessible high voltage 
parts of the gun, and a suitably high 
value of resistance in the connection 
to those parts, that the danger of 
sparking, to an extent sufficient to 
cause Ignition of a solvent vapour 
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mixture with air Is avoided, with appro- 
priate values for these quantities, we 
have found that even If the charging 
electrode Is brought up undesirably close 
5 to the object, to the point where sparlclng 
occurs, as at a one-half Inch spacing with 
control resistances of the value mentioned 
above, this sparking Is so "weak", of 
such low average Intensity or energy 
10 under condition ^ere there Is a low 
enough effective capacity beyond the 
control resistance, that even more Ignl- 
table mixtures than those normally 
encountered In a spray operation will not 
15 be ignited. 

As mentioned above, some ' solvents are 
more easily Ignited than others, rt can 
be arranged that a gun has a margin of 
safety sufficient for all normally usable 
20 paints, but, if, as Is frequently the 
case, a gun Is used with selected paints 
only. It may be sufficient to ensure that 
the gun Is adequately safe for that 
range of paints. In general, however, It 
25 Is preferred to arrange that a gun Is 
safe against fire hazard when used with 
all normal paints, so that the Imposition 
of conditions upon Its use can be avoided. 
The capability of a gun to cause ignition 
30 of a given solvent vapour is a test which 
can easily be carried out without danger 
in experimental conditions. 

Similar considerations apply in the 
case of shock to an operator. Since 
36 electric shock is a subjective effect, 
the objectionable shock level is less 
easily ascertainable than, say the igni- 
tion level described above. Nevertheless, 
it is .practicable to set a level at which 
40 objectionable shock occurs which will 
apply to all but a small minority of 
operators, and if desired the gun can be 
selected to avoid giving shock to vii- 
tually all operators, including the highly 
45 sensitive ones. It will be understood 
that the objectionable level is well 
below the danger level at which direct 
Injury may occur. 

Depending upon circumstances, for 
50 example upon the paint used, the fire 
hazard level may be less than or greater 
than the shock level, and depending upon 
the use for which the gun is Intended. 
The design can be varied accordingly. 
55 The use of suitable low effective capaci- 
ties with control resistance of the 
values described enables a low shock 
level to be achieved, so that no distress 
or injury to the operator will occur in 
60 the event the charged edge should be 
accidentally touched or approached too 
closely. 

Even thougti a control resistance of 
1000 or 2000 megohms is used, we have 
65 found that any high value of effective 



capacity beyond the control resistance 
(i.e. between it and the charging 
electrode portion) will result In a 
spark, upon close approach to an article 
or operator, which will ignite a highly 7o 
Ignl table mixture and which will give 
such a distressing shock to the operator 
that few men will continue working with 
the system where they are exposed to 
occasional accidental shocks of this 75 
type. We have found by experiment that 
with control resistances of the values 
described the effective capacity ahead 
of such resistances must be extremely 
low. A 4 inch metal bell member has a eo 
capacitance several times the safe 
value, and well into the area where 
ignition and distressing shock would 
result even if a control resistance of 
many thousands of megohms were used; 85 
and thus the presence of a large 
object with its resultant geometric 
capacitance ahead of the control resis- 
tance presented another problem from 
the standpoint of safety. 90 

We have enabled bells of these dimen- 
sions to be employed by the use of what 
might be termed very high distributed 
resistance In the discharge electrode, 
so that a spark originating at any one 95 
point does not provide a discharge of 
an Intensity gi;eater than that which 
can be tolerated. That is, even though 
the 4 inch bell member may have a true 
capacitance (as measured to a plate 100 
spaced one-half inch from its charging 
electrode edge portion) of about 
10 micromicrofarads, the fact that the 
bell member has its main body portion 
Of completely non-conducting material 105 
with Che high resistance coating on the 
inner surface providing a very high 
point-to-point resistance, prevents the 
surface charge at one point on the bell 
from appreciably supplemaitlng discharge 110 
at another point wnich comes too close 
to the article or the operator. 

A conventional air spray gun or a 
conventional metal bell member of the 
type hereto-fore used in electrostatic 115 
spray coating would in both cases have 
such high capacitance and such good 
conduction of all the stored electri- 
city to a point where a spark origin- 
ates that neither would be safe, either 120 
as to ignition or distressing shock, 
even if control resistance of the values 
mentioned above were used between them 
and the high voltage source. By making 
any metal small enough, and by making a 125 
large body with a high geometric capaci- 
tance of such high distributed resis- 
tance that the quantity of electricity 
stored therein Is not Instantaneously 
available at a sparking point this 130 
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danger can be obviated. In considering 
effective capacity, as concerns safety. 
It will be understood that It Is the 
energy at a sparking point which we have 
5 foumd to be Important, and that physically 
large devices which have true geoinetrlc 
capacitance greater than those which could 
be tolerated can be rendered safe In 
conjunction with the control resistance 

IC by" having a high distributed resistance 
therein or on the surface of a substan- 
tially non-conducting body member. It 
Is also to be understood that there Is 
some relationship between the value of 

15 the control resistance and the amount of 
capacity which can be tolerated; but we 
have found that with control resistance 
of the character described, as, for 
example, In the order or lOOO megohms 

20 with 100 kllovolts applied from the 

negative terminal of a supply having Its 
positive terminal earthed, the energy of 
a disruptive discharge, to an earthed 
polished metal sphere of about one centl- 

25 metre radius from an electrode ahead of 
tHe control resistance, should preferably 
not exceed that from a polished metal 
sphere having a radius of about one 
centimetre replacing the electrode In the 

30 same system, and In any event should not 
pxceed that from a sphere having a radius 
of about three centimetres. 

We have fcDmd that a satisfactory and 
reproducible measurement of the amount of 

35 effective capacity which can be tolerated 
can be obtained by using polished metal 
spheres of different diameters as the 
electrode beyond the resistor. Such a 
sphere has a capacitance to an infinite 

40 earth around it which varies as its 

radius and which Is about 1 micromlcro- 
farad per centimetre of radius. Moreover, 
the capacitance at a spacing of even a 
very few inches from an earthed object 

45 (such as a metal plate) Is very close 
to the theoretical capacitance to an 
Infinite earth. For example, a polished 
metal sphere having a radius of i centi- 
metre has a capacitance to infinite 

SO earth of 1.1 micromicro farad; and even 
when a flat earthed metal plate is brought 
within ^ Inch ot It, its capacitance 
as measured to the plate is only about 
.'..4. micromicro farad. Accordingly, a 

55 polished steel sphere mounted on the end 
of the resistance element being used can 
be brought closer and closer to an earthed 
metal member (such as the sphere of one 
centimetre radius mentioned above) or to 

60 the end of the finger of an operator, 

until a disruptive discharge takes place, 
and the energy level of such discharge is 
very reproducible with a given bell, 
resistor and applied voltage. For example, 

65 a polished steel sphere of 1 centimetre 



radius mounted on the end of ICOO megohms 
resistor provides an unobjectionable 
discharge at any applied voltage below 
and up to 100 kv. The discharge from 
such a combination does not provide a 7C 
disagreeable shock to the person and has 
too low an energy level to Igilte 
mixtures of the most readily ignl table 
nature, such as a saturated mixture of 
hexane and air, at 3°F and at 75 
atmospheric pressure. 

Higher resistor values (as for 
example 4,000 megohms), lower applied 
voltage (as 50 kv) , and somewhat less 
ignltable solvents commonly used In 30 
painting, as toluene or xylene, permit 
the effective capacity to be about that 
of a sphere having a radius of 3 centi- 
metres without objectionable shock and 
without danger of Ignition of the most 85 
combustible vapour-air mixture possible. 
In the spraying zone, such as a satura- 
ted mixture of toluene and air at 62^F 
or xylene and air at ai5°F. In consider- 
ing whether a gun is safe from fire 90 
hazard, in the absence of an Indication 
of the specific paint with which the gun 
Is Intended to be used, either the 
toluene-air or xylene-alr mixture can be 
used in estimating safety. A gun can be 95 
considered as 'safe' if it is safe when 
operated in such a mixture. It will be 
understood that the use of a polished 
metal sphere is for comparative or 
test purposes only, and that such would 100 
not be used as a charging electrode in 
the normal electrostatic spray painting 
system. The energy level of the dis- 
charge from a polished metal sphere of 
1 centimetre radius energized- through a 105 
1,000 megohm resistor, however, Is 
about the same as that of a lO-inch 
wire having a diameter of .050 Inch 
similarly energized. Such a wire 
may be used very satisfactorily as a 110 
charging electrode when atomlzation is 
separately effected, as will be herein- 
after more fully described, or may be 
considered analagous to the atomizing 
edge of a 4-lnch diameter non-metallic 115 
bell with highly distributed reslstajice, ' 
as heretofore described- 
While the power supply unit provides 
a high voltage supply which is commer- 
cially regarded as direct current, it 120 
will be understood that this Is not pure 
direct current in the absolute sense. 
In commercial practice the power unit 
has Its input connected to a conven- 
tional 50-cycle alternating current 125 
supply, and the high voltage output 
Is rectified and partially filtered to 
provide a unl-dlrectlonal field- 
creating voltage; but there is, of 
course, still an appreciable amount of 130 
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electrically connected to the earthed metal 
sheath 44. Uils results in a situation 
where any failure of Insulation could not 
result In shock to the operator. 
5 While this embodiment has series or 
control resistance analagous to that of 
the first described embodiment, It is to 
te noted that In this form in Figure 5 
the resistance of the paint column 
10 extending from the valve chamber to the 
atomizing edge Is In parallel with the 
air gap resistance between the edge of 
the bell and the article being coated, 
rather than being In parallel with the 
15 resistors 48 and 49. This results from 
the fact- that the paint column Is earthed 
at the valve portion of the device, so 
that It Is In effect connected to the 
same terminal of the power supply unit 
20 as the article, the bell edge potential 
and the average potential gradient of the 
field, during variations In gap spacing 
between the bell and the article being 
thus controlled In part by the series 
^ resistors 48 and 49, and In part by the 
parallel Impedance provided by the paint 
column. Where the paint has a resistance 
characteristic such that passageway 
diameters and lengths will fall within 
30 reasonable and practical values to 

achieve desired resistances, better con- 
trol of the charging electrode portion 
voltage can be obtained in some circum- 
stances. It is also to be understood tliat 
35 If the paint is kept completely Insulated 
from earth and at high potential In this 
foim, or is of such high resistance as to 
be substantially completely non-conductive, 
similar control may be obtained by 
40 utilization of another Impedance between 
the charging electrode (here the edge 
portion of the bell) and earth in conjunc- 
tion with the series resistance provided 
by the resistors 48 and 49. 
45 In connection with the electrostatic 
atomlzatlon effected in both of the 
onbodiments heretofore described, we have 
found that the high series resistance can 
be selected to main ta la the atomizing 
50 edge at or near optimum atomizing voltage 
as the gap spacing Is varied. It has here- 
tofore been thought that at least one 
fifth of a mllllampere of current was 
necessary for suitable electrostatic 
"'Z atomlzatlon, but we have found that we 
can not only retain good atomlzatlon and 
charging of the soray particles, but even 
Improve these, with currents of the order 
of one-twentieth of this, or even less, 
60 as about 10 microamperes. This discovery 
has enabled us to use resistances of 
several thousand megohms in conjunction 
with the power supply voltage of 100 K.V. 
Important control and safety aspects 
65 of this invention can also be embodied 



m systems wherein the depositing field 
extends from the article to an opposite 
electrode which is not a part of the 
atomizing device, and a representative 
sys-tem of this type Is shown in 
Figures Q and 7. Four small electrode 
wires 7la-d are arranged horizontally 
in a single plane with their ends one 
foot apart at what may be considered the 
comers of a square, as may best be seen 
in Figure 7. These field electrodes are 
supplied with current through control 
resistance means 72a-d, the^e resistances 
having values of the character heretofore 
described and being of sufficient length 
that there Is no danger of arcing around 
from the electrode wire 71 to the lead 73 
from the high voltage supply pack 74. 
A conventional air spray gun 75 is 
Illustrated as mounted on a support 
pedestal 76, the gun and pedestal being 
at ground potential and uninsulated, 
although it Is to be understood that the 
spray gun can be hand-held and freely 
movable. Paint from a supply tank 77 Is 
delivered throu^ the hose 78 when 
compressed air is supplied to the gun 
through the hose 79. The axis of the 
spray gun intersects the centre of the 
square formed by the tips of the elec- 
trode wire 71, but to one side of the 
plane of the electrode wires, as for 
example, 6 Inches therefrom. On the 
opposite side of the plane of the elec- 
trodes Is an article 80 here illus- 
trated as a bread box, carried by a 
conveyor spindle 81 with rotating 
means including the wheel element 82 
bearing against a rotating rail 83. 

It will be understood that articles 
are moved in succession through the 
coating zone by the conveyor and their 
rotation during the coating causes the 
comers to be much closer to the elec- 
trode wires than the centre of the wall 
panels. It is also to be understood 
that a slightly bent or loose spindle 
or an article improperly positioned on 
the spindle would, of course, result in 
even greater variations in the distance 
between the spray charging electrodes 71 
and the article being coated. In the 
past, protection against such varia- 
tions has been obtained by utilizing a 
much greater electrode-to-artlcle 
spacing than would be desirable from the 
stand-point of deposition efficiency. 
Where the closest approach of an article 
portion anticipated to occur in normal 
operation is double the sparking dis- 
tance for the voltage used. It is 
obvious that the average potential 
gradient will be at about the minimum 
of the desirable working range when 
such closest portion Is presented; 
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and that when the centre portions of the 
walls of the bread-box illustrated are 
being presented toward the spray gun, 
or If the article wobbles somewhat further 
5 away as a result of a bent spindle, the 
field gradients will be substantially 
below the desired value. This results in 
the air blast blowing away more spray 
particles than would be the case If the 

10 average field gradient were at all times 
ar a desirably high level. While electro- 
static effects have advantage with 
average potential gradients of about 
5,000 volts per Inch at the six to twelve 

15 Inch spaclngs being discussed, average 
gradients of well over 10,000 volts per 
Inch are desirable for maximum deposition 
efficiencies In a system of this 
character. 

20 In the system illustrated, the side 
walls of the bread-box, when presented 
directly toward the spray gun by a 
straight spindle having the article pro- 
perly positioned thereon, may be located 

^ only 6 Inches from the electrode wires 71 
although a 100 KV power pack is being 
used* With a resistor 72 absorbing about 
10% of the voltage, abotit 90,000 volts 
would exist on the electrode wires 71 

30 and the average potential gradient of the 
field to the articles mder the conditions 
Just described would thus be about 15,000 
volts per inch. Even if a bent spindle or 
any improper positioning or swaying of the 

35 article results In distance increasing a 
couple of Inches, the average potential 
gradient is still in excess of 10,000 
volts per Inch. Yet as the article rotates 
and presents a comer directly toward the 

40 spray gun, or If some other factor causes 
it to come closer, reduction In the gap 
distance between the electrode wires and 
the closest article portion (as for 
example to 3 inches) still permits an 

45 operative and highly efficient field to 
exist, the resistor absorbing sufficient 
voltage drop in the system to prevent any 
disruptive discharge down to a very close 
spacing, such as one-half Inch or one 

60 inch, and prevent It from being objec- 
tionable even then. 

We have found It desirable to have the 
electrodes of appreciable length, exten- 
ding preferably at least several inches 

55 from the resistors, a very satisfactory 
embodiment of this invention having been 
constructed with each electrode wire 
being 6 Inches long. The highly ionizing 
effect of a small wire (such as a wire 

60 ten thousandths of an inch In diameter) 
repels the paint and not only charges the 
spray but also creates conditions which 
keep the spray from painting back onto 
the remotely located sheaths or covers of 

65 the resistance elements, which Is 



unsatisfactory. Moreover, the "sharp" 
configuration of such a fine wire, with 
attendant higher space currents across 
the air gap than would occur from a 
polished sphere or other "blunt" elec- 70 
trode, has a desirable action in connec- 
tion with the control effect of the 
resistor, and In minimizing the effec- 
tive capacity of a given electrode size. 
The conditions as to capacitance must 75 
still be observed, however, and the size 
of the metal electrode should be kept 
small enough that the discharge there- 
from should preferably not exceed that 
from a metal sphere of one centimetre 80 
radius, or in any event, should not 
exceed that from a metal sphere of three 
centimetres radius. 

In addition to using electrode wires 
having a length of at least several 86 
Inches, but not exceeding a suitable 
capacitance, we find that where a 
plurality of electrode wires are used 
and supplied with current through 
independent control impedances, the 90 
electrodes should be spaced at least 
several Inches apart. If the electrodes 
are too close together an operator or 
article can touch several of them at 
once and this would result in an objec- 95 
tionable discharge since the capacitance 
and Impedances would all be effectively 
in parallel under such conditions. With 
the use of a system of the character 
embodying the above discussed factors, 100 
however, safety considerations are 
retained while achieving high average 
field intensities despite appreciable 
variations in gap distance, with 
resultant improved aepositlori efflcloicy. 106' 
In a system constructed In accordance 
with the disclosure* of Figures 6 and 7, 
for example, used in the spray coating 
of metal broom handles 1 inch in dia- 
meter and spaced on 3 inch centres, 110 
deposition efficiency with such a system 
was about 10% better than with the same 
electrode and spray gun arrangement with- 
out the control Impedance and with the 
path of article movement then being 115 
12 Inches from the electrode rather than 
6 Inches in view of the necessity of 
being double the possible arcing 
distance. 

In a system utilizing charging elec- 120 
trodes separate from the atomizing 
device, as Illustrated in Figures 6 
and 7, average gradients which are in 
excess of 10,000 volts per Inch, and 
preferably 15,000 volts per inch or 125 
more, are desirable for maximum deposi- 
tion efficiency at spaclngs of six to 
twelve Inches, for example. In the 
absence of a control resistance the 
minimum gap space between the 
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eieccrode and article would normally tie 
required Co be about 12 Inches with a 
100 KV supply unit, with the average 
potential gradient then being a little 
5 less than 10,000 volts per Inch and 

dropping rapidly as the gap Is Increased 
tjy rotation of the article, or swaying of 
the article away from the electrode. We 
have found that very much Improved 
10 deposition efficiencies can be achieved, 
particularly upon articles presenting' a 
substantial amount of "open space" 
relative to the metal surface being 
coated, by not only utilizing control 
15 resistance means but also by materially 
raising the power pack, voltage beyond 
that which would otherwise normally be 
used, and have obtained very desirable 
results by use of a 160 KV power supply 
20 unit with appropriate control resistances. 
For example, if a 5,000 megohms control 
resistance is used with a 160 KV power 
supply unit, the spacing arrangement can 
be such that If the minimum spacing 
25 encountered is 4 inches, the average 

potential gradient at that spacing would 
be about 18,000 vo\ts; and yet at a 
12 inch spacing the gradient would still 
be about 10,000 volts per inch. This is 
30 less than a 2 to 1 change of average 
gradient for a 3 to 1 change In gap 
spacing; and enables the average gradient 
to normally, be at or about 15,000 volts 
per inch, with the gradient at the large 
35 12 inch spacing still being about 10,000 
volts per inch. The geometry and surface 
area of atomizing devices of the char- 
acter heretofore generally used commer- 
cially may provide an objectionable 
40 disruptive discharge even when suitable 
control impedances are used in series 
therewith. We have found that large 
area atomizing devices, such as atomi- 
zing bells or hand guns effecting mechanl- 
45 cal atomization can have their effective 
capacities reduced to a suitable value 
by being made substantially entirely of 
non-conductive material with a high 
distributed resistance. Where it is 
50 desirable to use a metal electrode, making 
it not only of small capacitance and 
preferably relatively "sharp", as by 
using a wire electrode of small diameter, 
achieves the desired low effective 
55 capacity. 

This application is divided from 
application 9173/57, (Serial no. 865,763) 
from which are divided also applications 
27822/60, 30969/60, 31139/60 and 
60 331^6/60, (Serial nos. 865,764, 
865,766, 865,767 and 865,768,) 
WHAT WE CLAIM IS:- 
1. Apparatus for electrostatically 
spray painting an article, said article 
65 being substantially at earth potential, 



comprising a gun, capable of use in 
circumstances where the air gap between 
the gun and the article or earth is 
liable to fortuitous variation, said 
gun Including a charging electrode, and 70 
means for establishing an electrical 
circuit including the earthed article, 
a undlrectional high potential source 
and said charging electrode, said gun 
being adapted in use to atcmise paint 75 
and introduce said atomised paint into 
the field between the charging electrode 
and the article, wherein (a) the elec- 
trical circuit including said source 
is so responsive to changes in the 60 
length of said air gap as to reduce the 
voltage of said charging electrode 
sufficiently as the air gap between the 
gun and the article or other earthed 
object decreases, and (b) the charging 85 
electrode and any other parts of the 
gun which are at high potential in use 
and are manually or otherwise externally 
accessible have an effective capacity 
that is sufficiently low, to ensure 90 
that any discharge of electricity there- 
from which will create fire hazard is 
avoided. 

2, Apparatus for electrostatically 
spray painting an earthed article, 95 
said article being substantially at 
earth potential, comprising a gun 
capable of use in the hand or in 
circumstances where a human operator 
has access to the gun, said gun 100 
including a charging electrode, and 
means for establishing an electrical 
circuit including the earthed article, 
a undlrectional high potential source 
and said charging electrode, said gun 105 
being adapted to atomise paint and 
introduce said atomised paint into the 
field between the charging electrode and 
the article, the charging electrode and 
any other parts of the gun that are at 110 
hi^ potential and are manually acces- 
sible in use having an effective 
capacity that is low and the electri- 
cal circuit Including said source being 
so responsive to changes in the length 115 
of the air gap between the charging 
electrode and the article or operator 
as to reduce the potential of such 
part or parts sufficiently in relation 
to their effective capacity as the air 120 
gap decreases, to ensure that objec- 
tionable shock is substantially 
eliminated, 

3. Apparatus for electrostatically 
spray painting an article, said 125 
article being substantially at earth 
potential comprising a gun capable of 
use in circumstances where the air gap 
between the gun and the article or earth 
Is liable to fortuitous variation, said 130 



gun Including a charging eleccrode. and 
means escabllshlng an electrical circuit 
Including the earthed article, a undlr- 
ectlonal high potential source and said 
5 charging electrode, said gun being 

adapted to atomise said paint and Intro- 
duce said atomised paint Into the field 
produced, In which, as the air gap 
decreases In length, the voltage on the 
10 charging electrode falls" not less rapidly 
than at a rate equivalent to that due to 
the Inclusion. In said circuit of a 
resistance of a value of two megohms per 
kllovolt of the voltage available at the 
15 source, and the electrode and any other 
manually or externally accessible parts 
have a low effective capacity, thereby 
ensuring that discharge Is avoided which 
Is objectionable as to fire hazard, or to 
20 shock to an operator, or both. 

4« Apparatus for electrostatically 
spray painting an article, said article 
being substantially at earth potential, 
the apparatus being arranged to be 
25 supplied with paint and to Introduce the 
atomised paint Into an electrostatic 
field for deposition on to the article, 
and including an electrode between which 
and the article the electrostatic field 
30 Is established, and an electrical circuit 
including a source of undirectlonal 
voltage connecting the electrode to 
earth, the voltage being sufficient for 
efficient deposition, the electrode 
35 having an effective capacity not exceeding 
that of a polished metal sphere of 3 cms. 
radius and the effective Impedance of the 
said circuit being at least 10 megohms 
per kllovolt of the source. 
40 5. Apparatus for electrostatically 
spray painting an article, said article 
being substantially at earth potential, 
the apparatus being arranged to be 
supplied with paint and to Introduce the 
45 atomised paint Into an electrostatic 
field for deposition on to the article, 
and including an electrode between which 
and the article the electrostatic field 
Is established, and an electrical circuit 
50 including a source of unidirectional 

voltage connecting the electrode to earth, 
the voltage being sufficient for effici- 
ent deposition the electrode having an 
effective capacity not exceeding that of 
55 a polished metal sphere of l on. radius 
and the effective Impedance of the said 
circuit being at least 3 megohms per 
kllovolt of the source. 

6. Apparatus for electrostatically 
60 spray painting an article, said article 
being substantially at earth potential, 
the apparatus being arranged to be 
supplied with paint and to Introduce the 
atomised paint Into an electrostatic 
65 field for deposition on to the article. 



and including an electrode between which 
and the article the electrostatic field 
is established, and an electrical circuit 
including a source of undirectlonal 
voltage connecting the electrode to 
earth, the voltage being sufficient for 
efficient deposition, the effective 
Impedance of said circuit being greater 
than 100 megohms-, the . electrode having 
an effective capacity low enough to 
ensure that discharge Is avoided that 
Is objectionable. 

7. Apparatus for electrostatically 
spray painting an article, said article 
being substantially at earth potential, 80 
comprising a gun, capable of use In 
circumstances vdiere the air gap between 
the gun and the article or earth is 
liable to fortuitous variation, said 
gun including a charging electrode, 86 
and means for establishing an electri- 
cal circuit between a undirectlonal 
high potential source and said charging 
electrode, said electrical circuit 
effectively Including an Impedance of 90 
which a substantial part is located 
near said charging electrode, said gun 
being. adapted In use to atomize paint 
and Introduce said atomized paint Into 
the field between the charging elec- 95 
trode and the article, wherein (a) 
said electrical circuit Is so respon- 
sive to changes in the length of the 
said air gap as to reduce the voltage 
of said charging electrode sufficiently 100 
as the air gap between the gun and the 
article or other earthed object 
decreases, and (b) the charging elec- 
trode and any other parts of the gun 
which are at high potential In use and 105 
are manually or otherwise . externally 
accessible have an effective capacity 
that Is suf ficlent_ly low, to ensure 
that any discharge of electricity 
therefrom which will create fire hazard 110 
substantially avoided. 

8. Apparatus for electrostatically 
spray painting an earthed article, 
said article being substantially at 
earth potential, comprising a gun cap- 115 
able of use in the hand or In circum- 
stances where a hmnan ope-rator has 
access to the gun, said gun Including 
a charging electrode, and means 
establishing an electrical circuit 120 
between a undirectlonal high potential 
source and said charging electrode, 
said electrical circuit Including an 
impedance of which a substantial part 
is located near said charging elec- 125 
trode, said gun being adapted to 
atomize paint and Introduce the atom- 
ized paint into the field between the 
charging electrode and the article, the 
charging electrode and any other parts 
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Of the gun thac are at high potential and 
are manually accessible In use having an 
effective capacity that Is low and the 
electrical circuit being so responsive to 
5 changes In the length of the air gap 
between the charging electrode and the 
article or operator as to reduce the 
potential of such part or parts suffici- 
ently In relation to their effective 
10 capacity as the air gap decreases, to 
ensure that objectionable shock Is sub- 
stantially eliminated* 

9. Apparatus for electrostatically 
spray painting an article, said article 

15 being substantially at earth potential, 
comprising a gun capable of use In 
circumstances where the air gap between 
the gun and the article or earth Is 
liable to fortuitous variation, said 

20 gun Including a charging electrode, and 
means for' establishing an electrical 
circuit between a undlrectlonal high 
potential source and said charging 
electrode, said electrical circuit 

25 Including an Impedance a substantial part 
of vAilch Is located near said- charging 
electrode, said gun, being adapted to 
atomize paint and Introduce said atomized 
paint into the field produced. In which, 

30 as the air gap decreases In length, the 
voltage between the charging electrode 
and the article falls not less rapidly 
than at a rate equivalent to that due to 
the inclusion In the circuit of an 

35 effective resistance of two megohms per 
kllovolt of the voltage available at 
the source, the electrode and any other 
manually or externally accessible parts 
having a low effective capacity, whereby 

40 discharge Is substantially avoided which 
is objectionable as to fire hazard, or 
to shock to an operator, or both. 

10. Apparatus for electrostatically 
spray painting an article, said article 

45 being substantially at. earth potential, 
the apparatus being arranged to be 
supplied with paint and to Introduce the 
atomized paint Into an electrostatic 
field for deposition on to the article, 

5C and Including an electrode between which 
and the article the electrostatic field 
Is established, and an electrical circuit 
extending between a source of undlrec- 
tlonal voltage and the electrode, said 

55 electrical circuit including an impe- 
dance of substantial value located near 
said charging electrode, the voltage 
being sufficient for efficient deposi- 
tion, the electrode having an effective 

60 capacitance not exceeding that of a 
polished metal sphere of 3 cms. radius 
and the effective Impedance of the said 
circuit being at least 10 megohms per 
kllovolt of the source. 

11, Apparatus for electrostatically 



spray painting an article, said article 
being substantially at earth potential, 
the apparatus being arranged to be 
supplied with paint and to Introduce 
the atomized paint Into an electro- 70 
static field for deposition on to the 
article, and Including an electrode 
between which and the article the elec- 
trostatic field Is established, and an 
electrical circuit extruding between a 75 
source of undlrectlonal voltage and the 
electrode, said electrical circuit 
Including an Impedance, a substantial 
part of which Is located near said 
charging electrode, the voltage being 80 
sufficient for efficient deposition, 
the electrode having an effective 
capacitance not exceeding that of a 
polished metal sphere of 1 cm. radius 
and the effective Impedance of the said 85 
circuit being at least 3 megohms per 
kilovolt of the source. 

12. An apparatus in accordance with 
any of the preceding claims, wherein 

the atomization of the paint is effected 90 
electrostatically. 

13. An apparatus in accordance -with 
Claim 12 wherein the electrode serves 
also to effect atomization. 

14. An apparatus in accordance with 95 
Claim 13, wherein the atomizing elec- 
trode Is rotatable, and presents a 
generally circular edge on which a film 

of paint Is established In use. 

15. An apparatus in accordance with lOO 
Claim 14, and comprising means for 
presenting a current path from the said 
high voltage source to said edge. 

16. An apparatus in accordance with 

any of the preceding claims, wherein 105 
said electrode has an accessible part 
thereof made of material having a high 
resistance whereby the effective capac- 
ity of the electrode Is reduced. 

17. An apparatus In accordance with 110 
Claim 16, wherein the electrode is 

made partly of insulating material, and 
partly of material of high resistance. 

18. An apparatus in accordance with 
Claim 17, wherein a high resistance 115 
path is provided by a coating on the 
surface of the member of insulating 
material. 

19. An apparatus in accordance with 
Claim 5, 11, 16, 17 or 18 wherein the 120 
resistance presented by the Impedance 
element, or the element and the said 
electrode together, has a value of at 
least 3 megohms per kilovolt of the 
voltage of the source, but not exceeding 125 
100 megohms per kilovolt, the effective 
capacity of the high voltage accessible 
parts not exceeding that of a polished 
metal sphere of 1 cm. radius. 

£0. An apparatus in accordance with 130 
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Claims 4, 10, 16, 17, or 18 wherein the 
resistance presented by the Impedance 
element, or the resistor and the charging 
electrode together, has a value of at 
5 least 10 megohms per kllovolt of the 
voltage of the source, but not exceeding 
100 megohms per fcllovolt, the effective 
capacity of the high voltage accessible 
parts not exceeding that of a polished 
10 metal sphere of 3 cms. radius. 

21. An apparatus In accordance with any 
of the preceding claims, wherein said 
high voltage source established at an 
appropriate working spacing between the 

15 electrode and the article, a potential 
difference of at least 40,000 volts at 
the air gap between the said electrode 
and the article. 

22. An apparatus In accordance with 
20 any of the preceding claims, viiereln 

said voltage source establishes at an 
appropriate working spacing between the 
electrode and the article a potential 
gradient across the air gap of at least 
25 5,000 volts per Inch of air gap between 
the said electrode and the article. 

23. An apparatus In accordance with 
any of Claims 4 to 22 wherein paint 
In said gun provides a current path 

30 which Is electrically In parallel with 
said Impedance element. 

24. An apparatus for electrostatically 
painting an earthed article. . comprising 
a charging electrode and capable of use 

35 In circumstances where the air gap 

between the charging electrode and the 
article or earth is liable to fortuitous 
variation, means connecting the article 
In an electrical circuit extending from 

40 a undlrectlonal high potential source 
to said charging electrode, means for 
atomizing paint and introducing said 
atomized paint Into said field, wherein 
said electrical circuit is so respon- 

45 slve to changes In the length of said 
air gap as to reduce the voltage of said 
charging electrode sufficiently as the 
air gap between the charging electrode 
and the article or other earthed object 

50 decreases and the charging electrode and 
any other parts which are at high poten- 
tial in use and are manually or other- 
wise externally accessible have an 
effective capacity that Is sufficiently 
55 low to ensure that any discharge of 

electricity therefrom is unobjectionable, 
either as to shock or fire hazard or 
both. 

25. An apparatus In accordance with 
60 Claim 24, wherein said electrical 
circuit Includes an Impedance of 
substantial value located near said 
electrode, and as the air gap decreases 
In length, the voltage on the charging 
65 electrode falls not less rapidly than 



at a rate equivalent to that due to the 
Inclusion in the circuit of a resistance 
Of a value of at least two megohms per 
kllovolt of the voltage available at 
the source. 

26. An apparatus in accordance with 
Claim 25, wherein said electrode has an 
effective capacitance not exceeding 
that of a polished metal sphere of 
3 cms radius and the effective Impedance 
of the circuit is at least 10 megohms 
per kllovolt of the source, 

27. An apparatus in accordance with 
Claim 25 wherein said electrode has an 
effective capacity not exceeding that 
of a polished metal sphere of 1 cm 
radius, and the effective Impedance of 
the circuit Is at least 3 megohms per 
kllovolt of the source. 

28. An apparatus in accordance with 
Claim 25 or 27, wherein the Effective 
Impedance of said circuit does not 
exceed 100 megohms per kllovolt of the 
source. 

29. An apparatus In accordance with any 90 
of Claims 24 to 27 and comprising a 
plurality of spaced charging electrodes, 

the connection between the voltage 
supply and each said electrode being 
separately completed through an impedance 95 
element located immediately adjacent to 
the effective charging portion. 

30. An apparatus In accordance with 
Claim 29, wherein each said electrode has 

an effective capacity not greater than loo 
that of a polished metal sphere of 1 cm 
radius. 

31. An Improved apparatus for electro- 
static paint spraying substantially as 
herein described with reference to the los 
accompanying drawings. 

32. A method for electrostatically 
spray painting an earthed article, 
which comprises establishing an electro- 
static field between a charging elec- no 
trode and the article by means of a 
voltage- source, the air gap between the 
charging electrode and the article or 
earth being susceptible to fortuitous 
variation into a range where objection- 115 
able discharge is liable to occur, 

which comprises supplying paint to an 
atomizer and Introducing atomized 
paint into the field and including 
controlling automatically the potential 120 
across said air gap in accordance with 
variations of the length of the air gap 
in such a manner that with a decreasing 
length of air gap the potential falls 
at a rate not less rapidly than that 125 
due to the Inclusion in the circuit 
to said charging electrode of a resis- 
tance of two megohms per kllovolt of 
the source, whilst maintaining the 
effective capacity of the charging 130 
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electrode not greater than that which 
would he provided by a metal sphere of a 

radius of 3 cms, 

33. A method m accordance with 
Claim 32 which comprises establishing at 
least 40,000 volts In operation between 
the charging electrode Snd the article, 
the connection to said charging electrode 
including a resistance of at least 

10 megohms per kllovolt Of the voltage 
of said supply. 

34. A method in accordance with 
Claim 32, which comprises maintaining 
said effective capacity not greater than 
that of a sphere of 1 cm radius, the 
connection to said charging electrode 
Including effectively a resistor of at 
least 3 megohms per Icllovolt of the 
voltage of the supply. 



35. An Improved method of electro- 
static spray painting substantially as 
herein described with reference to 
accompanying drawings. 

36. Articles painted by an apparatus 
or method In accordance with any of the 
preceding claims. 



A. A. THOFNTON ^. CO. 



Chartered Patent Agents, 
Northumberland House, 
303-306 High Holbom, 
London, W.C. 1. 



Agents for the Applicants. 



19 



20 



25 



7 90 



printed In England Xjy Her Majesty's Stationery Office - 1961. 
Published at The Patent Office, 25, Southampton Buildings. London. W.C.2. 
from which copies may be obtained. 



3 95 



100 



105 



110 



115 



.20 



25 



30 




I 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

^^LACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
HEADED TEXT OR DRAWING 
a^LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



